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ABSTRACT

الأهداف: تحليل الخصائص السريرية والوبائية لـ 224 حالة وفاة بمرض فيروس 
كورونا في المستشفيات. توفر الآثار السريرية لهذه الدراسة نظرة ثاقبة لمؤشرات 
الوفاة المهمة بين مرضى COVID-19 وعبء تفشي المرض على نظام الرعاية 

الصحية في المملكة العربية السعودية .

المنهجية: دراسة مقطعية بأثر رجعي متعددة المراكز أجريت بين جميع حالات 
الوفيات الناجمة عن فيروس كورونا المستجد )COVID-19( التي تم قبولها 
في 15 مستشفى للقوات المسلحة في جميع أنحاء المملكة العربية السعودية 
من مارس إلى يوليو 2020م. تم جمع وتحليل البيانات الديموغرافية والأعراض 

.)COVID-19( السريرية والتحقيقات المختبرية ومضاعفات وفيات

النتائج: بلغ متوسط عمر حالات الوفيات 69.66 ± 14.68 سنة، ومعظمهم 
من الذكور 142 )%63.4(. بشكل عام، حدثت )%30( من الوفيات في 
أول 24 ساعة من دخول المستشفى، بينما حدثت )%50( في اليوم العاشر 
حالات  بين  انتشارًا  الأكثر  المصاحبة  الأمراض  كانت  المستشفى.  دخول  من 
الدم  وارتفاع ضغط  الذي وجد في )73.7%(،  السكري  داء  الوفيات هي 
في )%69.6(. أظهر الانحدار اللوجستي لعوامل الخطر في جميع حالات 
الوفيات أن حالات الوفيات المباشرة من )COVID-19( أكثر عرضة للإصابة 
 OR 1.75 )CI[ الحادة  الكلى  وإصابة  الحادة  التنفسية  الضائقة  بمتلازمة 
.]0.89-3.43( ;p=0.102[، ]OR 1.01 )CI 0.54-1.90( p=0.960

الخلاصة: كانت الشيخوخة وجنس الذكور والانتشار المرتفع للأمراض الكامنة 
بين حالات  المهمة  الوفاة  مؤشرات  من  الدم  وارتفاع ضغط  السكري  داء  مثل 
وفيات فيروس كورونا المستجد في المملكة العربية السعودية. يمكن استخدام 
التفاعلي  والبروتين  والبروكالسيتونين،  الفيريتين،  ارتفاع في مستويات مصل 

)CRP(، ومستويات )D-dimer( كمؤشرات لتطور المرض.

Objectives: To analyze the clinical and epidemiological 
characteristics for 224 of in-hospital coronavirus 
disease 2019 )COVID-19( mortality cases. This 
study’s clinical implications provide insight into 
the significant death indicators among COVID-19 
patients and the outbreak burden on the healthcare 
system in the Kingdom of Saudi Arabia )KSA(.

Methods: A multi-center retrospective cross-sectional 
study conducted among all COVID-19 mortality 
cases admitted to 15 Armed Forces hospitals across 
KSA, from March to July 2020. Demographic data, 
clinical presentations, laboratory investigations, and 
complications of COVID-19 mortality cases were 
collected and analyzed.

Original Article

Results: The mean age was 69.66±14.68 years, and 
142 )63.4%( of the cases were male. Overall, 30% 
of the COVID-19 mortalities occurred in the first 
24 hours of hospital admission, while 50% occurred 
on day 10. The most prevalent comorbidities 
were diabetes mellitus )DM, 73.7%(, followed by 
hypertension )HTN, 69.6%(. Logistic regression for 
risk factors in all mortality cases revealed that direct 
mortality cases from COVID-19 were more likely 
to develop acute respiratory distress syndrome )odds 
ratio [OR]: 1.75, confidence intervel [CI: 0.89-3.43]; 
p=0.102( and acute kidney injury )OR: 1.01, CI: 
[0.54-1.90]; p=0.960(.

Conclusion: Aging, male gender and the high 
prevalence of the underlying diseases such as, DM 
and HTN were a significant death indicators among 
COVID-19 mortality cases in KSA. Increases in 
serum ferritin, procalcitonin, C-reactive protein 
)CRP(, and D-dimer levels can be used as indicators 
of disease progression.
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The outbreak of disease caused by the severe acute 
respiratory syndrome corona virus-2 )SARS- 

CoV-2( has led to significant global morbidity and 
mortality since December 2019. It was declared as a 
pandemic by the World Health Organization )WHO( 
in March 2020, and by May 2020 there had been 
more than 5 million confirmed cases of coronavirus 
disease-19 )COVID-19( worldwide.1,2 The new strain 
of coronavirus was named SARS-CoV-2 as it originated 
from the identical family to the Middle East respiratory 
syndrome )MERS-CoV( and SARS-CoV-1 viruses. 
However, there has been limited knowledge of its 
virologic course and pathogenesis.1,3

During the initial phase of the COVID-19 
outbreak, the disease’s diagnosis was complicated by 
the diversity in symptoms and imaging findings )with 
some cases having no symptoms of fever or radiologic 
abnormalities( and the severity of disease at the time 
of presentation.4 Patient characteristics such as old age, 
male gender, chronic comorbidity, previous immunity, 
and virus mutations have consistently been associated 
with increased mortality.5,6 Evidence indicates that the 
COVID-19 mortality rate varies significantly across 
countries, from >16% in France to <0.1% in Singapore. 
This wide variation implies that several factors determine 
COVID-19 mortality, including hospital care and 
government response.6,7

In the Kingdom of Saudi Arabia )KSA(, the Ministry 
of Health )MOH( reported the first case of COVID-19 
in March 2020. As of December 2020, cumulative 
totals of 358,713 cases and 5,965 deaths had been 
reported in KSA.8 A national cross-sectional study 
describing the demographic and clinical characteristics 
of COVID-19 patients in KSA reported that nearly 
20% had underlying comorbidities, with 8.8% having 
hypertension )HTN( and 7.6% having diabetes mellitus 
)DM(. In total, 71.6% of patients were admitted to 
hospitals, 4.7% required intensive care unit )ICU( 
treatment, and 0.65% deaths. Although the mortality 
was less than 1%; however, as reported, the study’s 
clinical outcomes were not fully assessed. Further studies 
in the region are recommended to elaborate on severity 
predictions, and related risk factors for deterioration.9 
There has been limited substantiation of the factors that 
determine COVID-19 burdens in the Middle East in 
general and in KSA in particular. The COVID-19 has 
placed unprecedented strain on healthcare systems, with 
rapidly increasing demands in hospitals and particularly 
in ICUs globally. Projecting and determining the future 
demand for healthcare resources )such as beds, staff, 
and equipment( has become a key priority for many 
countries as the pandemic has escalated. The present 

study aimed to fill this knowledge gap.
Data from epidemiological, clinical, and laboratory 

investigations of 224 cases of COVID-19 mortality 
was collected retrospectively and analyzed. Exploring 
the clinical and epidemiological factors associated with 
COVID-19 mortalities will add significantly to the 
body of knowledge, of the outbreak burden both in 
KSA and worldwide, particularly in terms of patient 
health and the healthcare system. The findings will 
provide insight into significant death indicators among 
COVID-19 cases, helping physicians to triage patients, 
identify those who are critically ill, and prioritize ICU 
admissions. Moreover, they will help to control and 
prevent the current outbreak, improve public health, 
and minimize the burden.

Methods. This descriptive, cross-sectional, multi-
center retrospective study examined the clinical and 
epidemiological characteristics of COVID-19 mortality 
cases among patients admitted to Armed Forces Medical 
Services )MSD( hospitals across KSA. The current 
analysis included data on mortality cases reported at 15 
MSD hospitals during the study period.

Respiratory samples )nasopharyngeal swab, sputum, 
or tracheal aspirate( were collected for COVID-19 
laboratory screening using a polymerase chain reaction 
)PCR( test as per the protocol established by WHO.10 
Confirmation of COVID-19 infection was based on 
a positive PCR result reported by either the National 
Health Laboratory or an MSD hospital laboratory. 
All mortality in cases with confirmed COVID-19 
infections admitted to MSD hospitals between March 
and July 2020 with a complete MOH COVID-19 
mortality data sheet were included in the study. Cases 
with unavailable or incomplete data were excluded.

Mortality case data was obtained from the MSD 
Center for Infection Prevention and Control )CIPC(. 
The COVID-19 mortality data sheet initiated and 
developed by the Saudi MOH )updated in June 2020( 
included the following epidemiological and clinical 
characteristics: demographics, hospital name/location, 
symptoms, comorbidities, co-infections, laboratory 
data, level of care )ICU admission(, full resuscitation 
)full code(, or do-not-resuscitate )DNR(, investigations 
)chest X-ray(, and complications.

Laboratory data was collected and analyzed only 
from a single center, the Prince Sultan Military Medical 
City )PSMMC( in Riyadh, KSA, as they were not 
available from the other MSD hospitals. The PSMMC, 
Riyadh, KSA, is the biggest tertiary referral center. 
Trends in the following 6 biomarkers were included 
in the analysis: lymphocytes )×109/L(; serum ferritin 
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)pmol/L(; D-dimer )mcg/mL(; serum creatinine 
)SCr, mol/L(; C-reactive protein )CRP, mg/l(; and 
procalcitonin )mcg/l(. Data was collected on the day 
of presentation, at days 3-4, and 24-hours prior to 
death for all mortality cases )n=115( admitted to the 
PSMMC, Riyadh, KSA.

To preserve the integrity and privacy of the data, all 
data was independently entered into a password-enabled 
electronic sheets and restricted to selected investigators. 
An identification number has been assigned to all 
participants. Ethical approval was obtained from the 
Central Research Ethics Committee of the Armed 
Forces Medical Services Scientific Research Center 
)approval number 2020-012(. Informed consent was 
waived due to the retrospective and observational nature 
of the study. All methods were carried out according to 
applicable guidelines and regulations of the Declaration 
of Helsinki.

The main study outcomes analyzed were clinical 
characteristics, survival )time-to-death(, and the 
correlation between case-fatality rate )CFR( and ICU 
bed-occupancy rate.

Survival )time-to-event( analysis can be used to 
determine the length of time until the occurrence of a 
well-defined endpoint of interest. Data was calculated 
and analyzed retrospectively from the date of hospital 
admission and receiving medical care until the date of 
death )in days( for each mortality case. Kaplan-Meier 
survival estimates were applied to analyze the time 
between ICU and general ward admission, DNR or 
full code, and death directly or indirectly caused by 
COVID-19.

The CFR in epidemiology is defined as the proportion 
of cases that die from a specified disease among all the 
individuals diagnosed with that disease over a certain 
period. High rates of CFR are indicative of relatively 
poor outcomes.11 First, the overall CFR of COVID-19 
was calculated for all MSD hospitals included in this 
study across KSA )April-July 2020(. Then the CFR 
was calculated for the top 6 MSD hospitals, KSA, in 
terms of COVID-19 mortality reporting stratified by 
month and the average ICU bed-occupancy rate. The 
6 hospitals included in the calculation were located 
in Riyadh, Khamis Mushait, Taif, Al-Kharj, Jeddah, 
and Tabuk, KSA. The ICU bed-occupancy rate was 
calculated for each hospital.

Fever was defined as an oral temperature of ≥38°.9,12 
Death due to COVID-19 was defined as mortality 
resulting from a clinically compatible illness in 
confirmed positive cases with no clear alternative cause 
of death )namely, trauma(, no period of full recovery 
from COVID-19 between illness and death, and no 

pre-existing conditions that could trigger a severe disease 
course )namely, cancer(. As per WHO, cases were 
classified as direct when COVID-19 was the immediate 
cause of death and indirect when COVID-19 illness 
initiated the events leading to death.13 The clinical 
application of DNR, following study cases in KSA, 
referred to the use of cardiopulmonary resuscitative 
measures in the event of a cardiac or pulmonary 
deterioration or arrest. Anticipated death, COVID-19 
patients who have one or more of these factors has been 
categorized to anticipated death: cardiovascular disease, 
diabetes, respiratory disease )including severe asthma(, 
obesity, a history of haematological malignancy or 
recent other cancer, autoimmune conditions, kidney, 
liver, and neurological diseases.14 Oxygen saturation 
)SpO2(, a SpO2<94% in patients with COVID-19 are 
considered to have severe illness.15

Statistical analysis. All data were analyzed using 
descriptive and inferential statistics via Microsoft Excel 
2016 and the Statistical Package for Social Sciences 
for Windows, version 25 )IBM Corp., Armonk, NY, 
USA(. Descriptive statistics, including means and 
standard deviations, were calculated for continuous 
variables, that were normally distributed such as age. 
Non-normally distributed variables were represented 
by the medians. Categorical variables such as gender, 
symptoms, and comorbidities were presented as 
frequencies and percentages.

Inferential statistics, including the Chi-square 
test, were applied to compare groups according to the 
cause of death from COVID-19 )direct or indirect(. 
T-tests were applied to compare the means of normally 
distributed variables between the groups. The Wilcoxon 
signed ranks test was applied to compare laboratory 
biomarker trends between the day of presentation and 
24-hours prior death. Logistic regression was applied for 
the significant variables. The Kaplan-Meier estimator 
was used to present and analyze the time-to-death of 
hospitalized mortality cases and to compare groups 
)that is, direct and indirect, ICU and general ward, 
DNR and full code( in terms of time-to-death using 
the log-rank test. The results were presented as the odds 
ratio )OR( and 95% confidence interval )CI(. A p-value 
of <0.05 was considered significant.

Results. Between March and July 2020, 224 )1.0%( 
of the 21,078 patients with COVID-19 pneumonia 
died in MSD hospitals, KSA. Table 1 shows the 
demographic and epidemiological characteristics of 
the 224 COVID-19 mortality cases that were included 
in this study. The majority of the mortality cases, 115 
)51.35%(, were admitted to Riyadh, 32 )14.3%( were 
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admitted to Al Kharj, and 18 )8.0%( were admitted to 
Taif, KSA. Blood groups B )48.7%( and O )30.4%(
were the most frequent among mortality cases.

Overall, 142 )63.4%( of the cases were male, the 
mean age was 69.66±14.68 years, and the mean length 
of hospital stay )LOS( was 10 )0-90( days. In terms of 
the level of care and admission to general wards or ICUs, 

142 )63.4%( of the COVID-19 mortality cases were 
admitted to the ICU, while 82 )36.6%( were admitted 
to the general ward. Most of the mortality cases were 
intubated 156 )69.6%(, and the death was anticipated 
in 193 )86.2%( of the cases )Table 1(.

The most common symptoms among cases on the 
day of presentation were shortness of breath in 165 
)73.7%(, fever in 154 )68.8%(, and cough in 145 
)64.7%(. In contrast, 113 )50.4%( of the cases had 
desaturation )SpO2<94%( on the day of presentation. 
Mortality cases were classified as having either a direct 
or an indirect cause of death from COVID-19: 164 
)73.2%( were direct and 60 )26.8%( were indirect. 
Direct mortality cases had a significant presentation of 
symptoms )at the day of presentation(, fever )p=0.001(, 
and cough )p=0.018( compared to the indirect cohort 
)p=0.031(. Indirect mortality cases had a significant 
positive co-infection )p<0.001( and transfusion history 
)p<0.001; Table 2(.

Table 2 shows that no differences in chest x-rays 
on the day of presentation were observed among direct 
and indirect mortality cases: 34.9% of the cases showed 
lung infiltrate/opacities, 32.2% had a bilateral chest 
infiltration, 29.2% with a pleural effusion, and only 
3.7% had a normal chest x-ray.

Comorbidities were reported in 217 cases, among 
which 143 )63.8%( reported multiple comorbidities. 
Diabetes mellitus occurred in 165 )73.7%( and 
HTN in 156 )69.6%(, which were the most common 
comorbidities, followed by chronic kidney failure in 56 
)25.0%( and coronary artery disease in 52 )23.2%(. 
Asthma was present in 24 )10.7%( and chronic 
obstructive pulmonary disease )COPD( in 7 )3.1%( 
of the cases. Table 2 shows that no differences in 
comorbidities were observed among direct and indirect 
mortality cases, except for a significant difference in the 
indirect cause of death from COVID-19 in dementia 
)p=0.001; Table 2(.

Table 2 show the major complications among the 
COVID-19 mortality cases. The most common major 
complications were acute respiratory distress syndrome 
in 150 )72.8%(, shock in 93 )45.1%(, acute kidney 
injury in 90 )43.7%(, and sepsis/septic shock in 78 
)37.9%(. Eighteen of the cases had no documented 
major complications. There was a significant difference 
in the indirect cause of death from COVID-19 group 
in terms of both cardiogenic shock )p=0.005( and 
shock )p=0.010(. The death was anticipated in 193 
cases )86.2%(, and it was significantly higher among 
the direct cohort )p=0.040; Table 2(

Table 3 illustrate the trends in biomarkers of 
COVID-19 mortality cases )n=115( admitted to 

Table 1 - Baseline characteristics of coronavirus disease 2019 
)COVID-19( mortality cases admitted to Armed Forces 
Medical Services )MSD( hospitals, Kingdom of Saudi Arabia, 
between March and July 2020 )N=224(.

Baseline characteristics n (%)
Age )years(, mean±SD 69.66±14.68
Gender

Male
Female

142 )63.4(
82 )36.6(

Nationality 
Saudi
Non-Saudi

208 )92.9(
16 )7.1(

Hospital location
Riyadh
Al-Kharj
Taif
Jeddah
Tabuk
Madina Al Munnawarah
Dhahran 
Khamis Mushait 
Wadi Al Dawasir
Hafr Al Batin
Najran
Jizan
Jubail

115 )51.3(
32 )14.3(
18 )8.0(
14 )6.3(
11 )4.9(
7 )3.1(
7 )3.1(
7 )3.1(
5 )2.2(
3 )1.3(
2 )0.9(
2 )0.9(
1 )0.4(

Source of hospital admission 
Emergency room
Intra-hospital transfer )from within(
Transfer from another hospital
Unknown

198 )88.4(
8 )3.6(
7 )3.1(
11 )4.9(

Smoker
Yes
No
Not documented

12 )5.4(
207 )92.4(

5 )2.2(
Blood type

B
O
A
AB

109 )48.7(
68 )30.4(
35 )15.6(
12 )5.4(

Rh factors
Positive
Negative

215 )96.0(
9 )4.0(

Cause of death from COVID-19
Direct
Indirect

164 )73.2(
60 )26.8(

Length of hospital stay )days(, median 
)minimum - maximum(

10 )0-90(

Total 224 )100(
Rh: rhesus factor, SD: standard deviation
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Table 2 - Clinical and epidemiological characteristics of COVID-19 mortality cases admitted to MSD hospitals, Kingdom of Saudi Arabia, 
between March and July 2020, stratified by cause of death from COVID-19 )N=224(.

Clinical characteristics Direct (n=164) Indirect (n=60) Total (N=224) P-value*

n (%)

Age, mean±SD 70.32±14.17 67.87±16.00 69.66±14.68 0.365‡

DNR 75 )45.7( 33 )55.0( 108 )48.2( 0.219
Full code 89 )54.3( 27 )45.0( 116 )51.8(
Resuscitated 84 )51.2( 25 )41.7( 109 )48.7( 0.205
Intubated 114 )69.5( 42 )70.0( 156 )69.6( 0.944
Any symptoms§ 158 )97.5( 52 )86.7( 210 )94.6( 0.001††

Symptoms**

Shortness of breath
Fever
Cough
Confusion
Diarrhea
Chest pain

125 )76.2(
120 )73.2(
113 )68.9(
21 )12.8(
9 )5.5(
11 )6.7(

40 )66.7(
34 )56.7(
32 )53.3(
11 )18.3(
8 )13.2(
1 )1.7(

165 )73.7(
154 )68.8(
145 )64.7(
32 )14.3(
17 )7.6(
12 )5.4(

0.151
0.018††

0.031††

0.295
0.050
0.138

Desaturation )SpO2<94%(** 87 )53.0( 26 )43.3( 113 )50.4( 0.198
PPD/QuantiFERON test

Positive
Negative
Total

16 )10.7(
133 )89.3(
149 )100.0(

11 )19.6(
45 )80.4(
56 )100.0(

27 )13.2(
178 )86.8(
205 )100.0(

0.201

Chest X-ray§,**

Normal
Bilateral infiltration
Infiltrate/opacities
Pleural effusion
Total

12 )3.4(
114 )32.5(
122 )34.8(
103 )29.3(
351 )100.0(

6 )4.5(
42 )31.6(
47 )35.3(
38 )28.6(

133 )100.0(

18 )3.7(
156 )32.2(
169 )34.9(
141 )29.2(
484 )100.0(

0.957

Transfusion history 37 )22.6( 29 )48.3( 66 )29.5( <0.001††

Type of transfusion history§

PRBCs
FFP
Cryoprecipitate
Platelets
Intravenous immunoglobulin
Total

32 )45.1(
15 )21.1(
8 )11.3(
10 )14.1(
6 )8.5(

71 )100.0(

25 )45.5(
15 )27.3(
3 )5.5(
8 )14.5(
4 )7.3(

55 )100.0(

57 )45.2(
30 )23.8(
11 )8.7(
18) 14.3(
10 )7.9(

126 )100.0(

0.793

Was death anticipated? 146 )89.0( 47 )78.3( 193 )86.2( 0.040††

COVID-19 PCR at time of death
Positive
Negative
Total

138 )89.6(
16 )10.4(

179 )100.0(

41 )77.4(
12 )22.6(
28 )100.0(

179 )86.5(
28 )13.5(

207 )100.0(

0.032††

Co-morbidities
Diabetes
Hypertension
Chronic kidney failure
Coronary artery disease
Heart failure
Asthma 
Multiple sclerosis 
Atrial fibrillation
On dialysis
Ischemic stroke
Thyroid dysfunction
Dementia
COPD
Obesity

122 )74.4(
117 )71.3(
40 )24.4(
39 )23.8(
16 )9.8(
19 )11.6(
19 )11.6(
14 )8.5(
14 )8.5(
13 )7.9(
11 )6.7(
4 )2.4(
6 )3.7(
3 )1.8(

43 )71.7(
39 )65.0(
16 )26.7(
13 )21.7(
9 )15.0(
5 )8.3(
4 )6.7(
8 )13.3(
3 )5.0(
3 )5.0(
5 )8.3(
8 )13.3(
1 )1.7(
2 )3.3(

165 )73.7(
156 )69.6(
56 )25.0(
52 )23.2(
25 )11.2(
24 )10.7(
23 )10.3(
22 )9.8(
17 )7.6(
16 )7.1(
16 )7.1(
12 )5.4(
7 )3.1(
5 )2.2(

0.682
0.361
0.728
0.740 
0.270 
0.486
0.283
0.285
0.376
0.451
0.676

0.001††

0.448
0.500

Co-infection
Positive
Negative
Total

37 )23.1(
123 )76.9(
160 )100.0(

27 )46.6(
31 )53.4(
58 )100.0(

64 )29.4(
154 )70.6(
218 )100.0(

<0.001††
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Table 2 - Clinical and epidemiological characteristics of COVID-19 mortality cases admitted to MSD hospitals, Kingdom of Saudi Arabia, between 
March and July 2020, stratified by cause of death from COVID-19 )N=224( )continued(.

Clinical characteristics Direct (n=164) Indirect (n=60) Total P-value*

n (%)
If co-infection positive§

Bacterial
Fungal
Viral
Total

19 )47.5(
4 )10.0(
17 )42.5(
40 )100.0(

17 )65.4(
3 )11.5(
6 )23.1(

26 )100.0(

36 )54.5(
7 )10.6(
23 )34.8(
66 )100.0(

0.186

Complications§

ARDS
Shock
Acute kidney injury
Sepsis/septic shock
Secondary infections
Cardiogenic shock
Heart failure
Acute cardiac injury
Total

116 )75.8(
61 )39.9(
67 )43.8(
54 )35.3(
20 )13.1(
6 )3.9(
7 )4.6(
11 )7.2(

153 )100.0( 

24 )64.2(
32 )60.4(
23 )43.4(
24 )45.3(
9 )17.0(
8 )15.1(
6 )11.3(
1 )1.9(

53 )100.0( 

150 )72.8(
93 )45.1(
90 )43.7(
78 )37.9(
29 )14.1(
14 )6.8(
13 )6.3(
12 )5.8(

206 )100.0(

0.100
0.010††

0.960
0.196
0.481

0.005††

0.082
0.155

COVID-19: coronavirus disease-19, MSD: Armed Forces Medial Services, DNR: do-not-resuscitate, PPD/QuantiFERON: Purified protein derivative/
QuantiFERON, PRBCs: packed red blood cells, FFP: fresh frozen plasma, PCR: polymerase chain reaction, COPD: chronic obstructive pulmonary 

disease, ARDS: acute respiratory distress syndrome. *Chi-square test, ‡T-test. §Reported one or more co-infection, chest X-ray, type of transfusion history 
and complications, **at day of presentation. ††p<0.05 was considered significant

PSMMC, Riyadh, KSA. Coronavirus disease-19 trends 
in biomarkers were observed on the day of presentation, 
at day 3-4, and 24-hours prior to death. The serum 
ferritin )pmol/L( level increased )Z-value= -2.898; 
p=0.004( between the day of presentation to 24-hours 
prior to death. The procalcitonin )mcg/l( level also 
increased )Z-value= -2.864; p=0.004( between the day of 
presentation and 24-hours prior to death. The D-dimer 
)mcg/mL( level significantly increased )Z-value= -5.71; 
p<0.001( between the day of presentation and 24-hours 
prior to death )Table 3(.

Logistic regression for risk factors in all mortality 
cases with COVID-19 revealed that the death being 
anticipated was 2 times more likely among cases 
classified as direct deaths. Cases with a history of COPD 
were twice as likely to die directly from COVID-19 
)Table 4(. 

Predictors for COVID-19 mortality cases admitted 
to the ICU using logistic regression for risk factors 
revealed that the death being anticipated was 3 times 
more likely among ICU cases )OR: 3.26, 95% CI: 
[1.11-13.16]; p=0.033(. Coronavirus disease-19 
mortality cases with a history of co-infection were twice 
as likely to be admitted to the ICU )OR: 2.94, 95% CI: 
[1.47-5.85]; p=0.002(. Cases with male gender )OR: 
1.92, 95% CI: [0.99-1.03]; p=0.002(, older age )OR: 
1.01, 95% CI: [0.99-1.03]; p=0.270], were also more 
likely to be admitted to the ICU )Table 4(. 

The overall CFR of COVID-19 at MSD hospitals 
across KSA )April-July 2020( was: Khamis Mushait 
)CFR: 4.30%(, Al-Kharj )CFR: 3.87%(, Dhahran 
hospitals )CFR: 2.22%, 3.33%(, Taif hospitals )CFR: 
0.93%, 3.67%(, Riyadh )CFR: 1.51%(, Madinah 
)CFR: 1.46%(, Wadi Al Dawasir )CFR: 1.16%(, Tabuk 
)CFR: 0.87%(, Hafr Al Batin )CFR: 0.84%(, Jubail 
)CFR: 0.63%(, Jeddah )CFR: 0.41%(, Jizan )CFR: 
0.37%(, and Najran )CFR: 0.30%(.

Figure 1 shows the CFR of COVID-19 stratified 
by month and the average ICU bed-occupancy rate 
between April and July 2020 at MSD hospitals in 
Riyadh, Khamis Mushait, Taif, Al-Kharj, Jeddah, and 
Tabuk, KSA. There was a correlation between the 
COVID-19 CFR increasing and the average ICU bed-
occupancy rate in Riyadh hospital from May to July 
2020 )CFR: 1.10%, 1.16%, and 2.54%, respectively( 
and the ICU bed-occupancy rate )110%, 130%, and 
150%, respectively(. This was also seen in Al-Kharj 
hospital )CFR: 2.70%, 3.77%, and 4.27%, respectively; 
ICU bed-occupancy rate: 110%, 130%, and 150%, 
respectively( between April and July 2020. 

Overall, 30% of the COVID-19 mortalities )N=224( 
occurred in the first 24-hours of hospitalization, while 
50% occurred on day 10 of admission. The survival 
analysis of COVID-19 mortality cases showed a 
significant difference between the direct and indirect 
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cause of death from COVID-19 in the survival 
)p=0.012( and the cases admitted to ICUs or general 
wards )p<0.001(. However, there were no significant 
differences in the survival analysis of COVID-19 
mortality cases )DNR - full code; p=0.525; Figure 2(.

Discussion. All of the laboratory-confirmed 
COVID-19 mortality cases admitted to MSD hospitals 
across regions of KSA between March and July 
2020 were included in this study. The mean age was 
69.66±14.68 years, which is in between the figures 
reported from Pakistan and European population 
namely Italy and Spain 56.6±78 years.16,17 This 
variation might be attributed to the differences in the 
population age group density. A recent meta-analysis 

that screened 516 studies showed that 43 studies from 
12 countries reported a significant variation in the 
clinical characteristics in patients with COVID-19 
globally. The in-hospital COVID-19 related mortality 
was higher amongst the elderlies in the United States of 
America )USA( and Europe as compared to Asia.18 The 
study data confirmed the fact that advanced age is one 
of the independent risk factors of mortality. Death was 
also significantly higher in males, as described in other 
studies.16,19

In contrary to the other parts of the world our 
deceased patients had blood group B )48.7%( followed 
by O )30.4%(.20,21 A study by Adiah et al,22 found 
groups AB and B+ to be significantly associated with an 
increased risk of evolving COVID-19 and an increased 

Table 3 - Biomarker trends of Coronavirus disease-19 mortality cases )at day of presentation, day 3-4, and 24-hours prior to death( admitted to 
PSMMC hospital between March and July 2020 )N=115(.

Trends biomarker Median (minimum - maximum) P-value*
Day of presentation Day (3-4)‡ 24-hours prior to death‡

Lymphocytes )× 109/L( 0.9 )0.0-5.3( 0.8 )0.0-10.5( 0.9 )0.0-7.9( 0.182
Serum ferritin )pmol/L( 686 )37-9164( 832 )54-19864( 1081 )15-30356( 0.004†

D-dimer )mcg/mL( 1.53 )0.18-20.0( 1.83 )0.30-20.0( 3.81 )0.11-20.0( <0.001†

Serum creatinine )mol/L( 104 )18-1220( 117 )15-978( 172 )19-1627( 0.059
C-reactive protein )mg/l( 90 )1-359( 76 )2-429( 99 )5-385( 0.478
Procalcitonin )mcg/l( 0.4 )0.05-59.0( 0.05 )0.05-57.0( 1.2 )0.03-99.3( 0.004†

PSSMC: Prince Sultan Military Medical City, *Wilcoxon signed ranks test. †p<0.05 was significant. ‡The day 3-4 and 24-hours prior to death 
comparison had some missing values due to a number of the patients dying before they reached this stage.

Table 4 - Logistic regression for risk factors in direct mortality cases and cases admitted to ICUs with COVID-19 )N=224(.

Variable Direct death ICU admission

OR (95% CI) P-value OR (95% CI) P-value

Age 0.98 )0.97-1.00( 0.270 1.01 )0.99-1.03( 0.270
Gender: male 0.91 )0.49-1.68( 0.763 1.92 )1.09-3.37( 0.022†

Resuscitated 1.47 )0.80-2.67( 0.206 0.99 )0.57-1.71( 0.978
Death was anticipated 2.24 )1.02-4.92( 0.044† 3.26 )1.493-7.14( 0.003†

Desaturation )SpO2 <94%(* 1.47 )0.81-2.68( 0.199 1.77 )1.02-3.06( 0.042
Co-infection 0.34 )0.18-0.651( 0.001† 2.94 )1.47-5.85( 0.002†

Comorbidities: COPD 2.24 )0.26-19.00( 0.460 0.42 )0.09-1.92( 0.265
Complications

ARDS
Acute kidney injury
Shock
Sepsis/septic
Secondary infections
Cardiogenic shock

1.75 )0.89-3.43(
1.01 )0.54-1.90(
0.43 )0.23-0.82(
0.65 )0.34-1.24(
0.73 )0.31-1.73(
0.23 )0.07-0.69(

0.102
0.960
0.011†

0.198
0.482
0.009†

2.02 )1.07-3.80(
1.87 )1.03-3.40(
2.72 )1.47-5.01(
2.92 )1.52-5.60(
2.85 )1.03-7.84(

3.36 )0.73-15-.47(

0.029†

0.039†

0.001†

0.001†

0.042†

0.119

ICUs: intensive care units, COVID-19: coronavirus disease -19, COPD: chronic obstructive pulmonary disease, ARDS: acute 
respiratory distress syndrome, OR: odds ratio, CI: confidence interval
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Figure 1 - Case fatality rate )CFR( of coronavirus disease- 2019 stratified by month and the average intensive care unit )ICU( bed occupancy 
rate, for the highest 6 cities in Kingdom of Saudi Arabia between April and July 2020. A) Riyadh, B) Khamis Mushait, C) Taif, D) 
Al-Kharj, E) Jeddah, and F) Tabuk.
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risk of death among cases. A meta-analysis by Pourali,23 
stated blood group A individuals were at a higher risk of 
COVID-19 infection; however, those with blood group 
O were at a lower risk.

Consistent with previous reports, the most common 
comorbidities among the mortality cases in our study 
were DM )73.7%( and HTN )69.6%(.16-24 Diabetes 
mellitus is highly correlated with COVID-19 related 
deaths.5,25 It was reported to increase the risk of death 
2-fold in a meta-analysis by Kumar et al.26 This pattern 
of associations is consistent with those found in the 
death records of more than 17 million COVID-19 
cases from the National Institute for Health Research 
)NIHR(.14

Indeed individuals with COPD are at risk of severe 
COVID-19. Our data revealed that cases with COPD 

had a 2-fold greater mortality risk irrespective to the 
preceded long acting inhaled steroids exposure. Notably, 
the protective role of long acting inhaled steroids has 
failed to be asserted in open safely platform date from 
England.27

Provided the differences in the prevalence of 
obesity globally, some data have suggested that it is an 
underlying risk factor for COVID-19 mortality, similar 
to the situation with Swine flu )H1N1(.28 However, in 
our cohort only 2.2% of the mortality cases had pre-
existing obesity.

In line with a recent report, a clear burden of 
COVID-19 infection and multiple organ dysfunction 
was observed in the lungs, heart, and kidneys.29 Acute 
respiratory distress syndrome )ARDS( was the main 
direct COVID-19-related complication. As a result of 

Figure 2 - Kaplan-Meier analysis of survival )time-to-death( of coronavirus disease- 2019 )COVID-19( mortality cases. A) Analysis 
of survival of all COVID-19 mortality cases. B) Coronavirus disease- 2019 mortality cases stratified by )direct - indirect( 
as a cause of death. C) Coronavirus disease- 2019 mortality cases stratified by intensive care unit )ICU(/general ward 
admission. D) Coronavirus disease- 2019 mortality cases stratified by )do-not-resuscitate [DNR] - Full Code(.
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progressive inflammatory and thrombogenesis cascades, 
substantial indirect complications have been noted; 
in particular, cardiac injury was reported in 19.7% 
of cases in the Chinese cohort.30 Acute respiratory 
distress syndrome secondary to COVID-19 pneumonia 
has been the most frequent complication reported 
in case series. Diffuse alveolar damage is the primary 
event, followed by thrombotic microangiopathy, and 
some severe cases end up in a state of disseminated 
intravascular coagulation )DIC( without any evidence 
of bacterial superinfection. Dilated pulmonary vessels 
are a frequent finding in ARDS that is secondary to 
COVID in contrast to ARDS that is secondary to other 
causes.31

Different ranges of co-infection have been reported 
from different parts of the world.32 A recent metanalysis 
by Lansbury et al,33 stated that 14% of cases had 
bacterial co-infection among COVID-19 patients 
admitted to the ICU. Postmortem data showed that 
up to 37% of COVID-19 deaths had pulmonary 
histopathological data consistent with superimposed 
bacterial pneumonia.34

To detect biochemical indicators that are significant 
for the disease progression, the laboratory test results 
of all the mortality cases from the PSMMC hospital, 
Riyadh, KSA, )n=115( were included in this study. 
Though having a larger data set would offer further 
insight. In line with a recent report, rises in serum 
ferritin, procalcitonin, CRP, and D-dimer levels 
were indicators of disease progression.29 C-reactive 
protein and high blood urea nitrogen were associated 
with cytokine release syndrome and driven increased 
mortality in a study from France.35 In our current study, 
rising ferritin, D-dimer, and procalcitonin levels were 
associated with mortality. Most inflammatory markers 
are acute phase reactants that are not specific for severe 
COVID-19-related pneumonia. Qin et al,36 found 
a significant association between increased CRP and 
severe prognosis of the disease. Variable studies have 
shown that the D-dimer is an effective predictor for 
COVID-19 mortality. Its role in acute infections and 
thrombogenic states has been established previously.37 
Asghar et al,38 reported that lactate dehydrogenase, 
D-dimer, procalcitonin, and ferritin have roles in 
predicting the severity of COVID-19 pneumonia.

The current study revealed a notable longitudinal 
association of the ICU bed occupancy and the fatality rate 
in all hospitals, with the highest rate of bed occupancy 
being in Riyadh, KSA, which is the capital city and has 
the largest population. Its hospital is the biggest tertiary 
referral center from all other MSD hospitals, KSA, and 

it had a fatality rate of 2.54%. However, the highest 
fatality rate was observed in the Southern Region 
hospital )Khamis Mushait city(, KSA, where it reached 
4.88% because their ICU bed occupancy had increased 
by 10% above their capacity. Notably, the Western 
region hospitals represented by Taif and Jeddah, KSA, 
seemed to cope with the pandemic, with an adequate 
ICU bed occupancy that matched their capacity )95% 
in Taif and 100% in Jeddah( alongside a lower fatality 
rate )0.93% in Taif and 0.18% in Jeddah(. Correlations 
between mortality and healthcare burden have been 
reported previously from China and different parts of 
the world.39,40

The study findings suggested that the main cause of 
mortality in COVID-19 was attributed either to acute 
respiratory failure or to acute thrombosis. Patients 
with comorbidities were at higher risk for contracting 
COVID-19, and some laboratory tests could predict 
disease progression and death: the serum ferritin, 
procalcitonin, CRP, and D-dimer levels could be used 
as indicators of disease progression.

Study limitations. First, the design was retrospective. 
Second, some cases had incomplete data on laboratory 
tests and complications, due to variation in the electronic 
database structure across different MSD hospitals, 
KSA. Third, there was a lack of proper disease-severity 
scoring. Fourth, although the study was multi-center, 
the number of mortalities was small; therefore, future 
studies with larger sample sizes are needed.

In conclusion, aging, male gender and the high 
prevalence of the underlying diseases such as, DM and 
HTN were observed as significant death indicators 
among COVID-19 mortality cases in KSA. Multiple 
organ dysfunction was observed, with the most 
common organ damage being to the lungs, heart, and 
kidneys. Rises in serum ferritin, procalcitonin, CRP, 
and D-dimer levels can be used as indicators of disease 
progression.

This study highlighted the significant burden of 
the COVID-19 outbreak, particularly in terms of 
patients’ health and the healthcare system. The clinical 
implications provide insight into the major death 
indicators among COVID-19 patients in KSA. These 
medical and clinical indicators may help physicians to 
triage patients, identify those who are critically ill, and 
prioritize ICU admissions.
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